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ABBREVIATIONS AND ACRONYMS                   
 
ACEI, angiotensin - converting enzyme inhibitor 
ARB, angiotensin receptor blocker 
ASE, American Society of Echocardiography 
CAD, coronary artery disease 
COPD, chronic obstructive pulmonary disease 
DCM, nonischemic dilated cardiomyopathy 
E, peak mitral inflow velocity 
e′, early diastolic tissue velocity 
EACVI, European Association of Cardiovascular Imaging 
ESC, European Society of Cardiology 
FAC, fractional area change 
IVC, inferior vena cava 
IVS, interventricular septum 
LLS, local linear shortening  
LV, left ventricle 
LVEF, left ventricular ejection fraction 
LVEDD, left ventricular end – diastolic diameter 
MRA, mineralocorticoid receptor antagonists 
NT – proBNP, N-terminal prohormone brain natriuretic peptide 
NYHA, functional classification developed by the New York Heart Association  
PAOD, peripheral artery occlusive disease  
RA, right atrium 
RCA, right coronary artery 
RVOT, right ventricle outflow tract 
RV, right ventricle    
RVSP, right ventricular systolic pressure 
St, peak systolic velocity of tricuspid annulus    
SPAP, systolic pulmonary arterial pressure 
TAPSE, tricuspid annular plane systolic excursion      





Namen. Krčenje prekatnega pretina pomembno prispeva k funkciji desnega prekata. V raziskavi smo 
preučili vpliv presaditve CD34
+
 matičnih celic v področje prekatnega pretina na delovanje desnega prekata 
pri bolnikih z neishemično dilatativno kardiomiopatijo. 
Zasnova raziskave, opis metod, preiskovancev. V raziskavo smo vključili 80 bolnikov z dilatativno 
kardiomiopatijo in napredovalim srčnim popuščanjem v funkcijskem razredu III po klasifikaciji 
Newyorškega združenje za srce (NYHA) in iztisnim deležem levega prekata (LVEF) manj kot 40%. Pri 
vseh bolnikih smo opravili mobilizacijo matičnih celic z rastnim dejavnikom celic granulocitne vrste, 
matične celice smo zbrali s postopkom afereze; z imunomagnetno osamitvijo  izdelali pripravek matičnih 
celic, ki je vseboval 80 milijonov CD34+ matičnih celic. S pomočjo elektroanatomske kartografije levega 
prekata smo določili območja hiberniranega miokarda, ki so določena kot točke z unipolarnimi potenciali 
≥8.3 mV in linearnim krčenjem <6%. V ta področja smo transenokardialno vbrizgali po 0.3 ml raztopine 
matičnih celic. Vsak bolnik je prejel 20 injekcij. Bolnike, ki so prejeli vsaj eno aplikacijo matičnih celic v 
področje prekatnega pretina, smo razvrstili v skupino A (N=40), in bolnike, ki v predel prekatnega pretina 
niso prejeli matičnih celic, v skupino B (N=40). Obe skupini bolnikov smo opazovali 6 mesecev. 
Spremembe funkcije desnega prekata smo ocenili z: spremembo longitudinalnega sistoličnega gibanja 
prostega roba trikuspidalne zaklopke (TAPSE), spremembo največje sistolične hitrosti trikuspidalnega 
obroča (St), ter s spremembo površine desnega prekata (FAC). 
Rezultati. Ob vključitvi se skupini nista pomembno razlikovali glede na starost (57±9 let vs. 55±10 let, 
P=0.48), spol (moški: 87% vs. 80%, P=0.54), LVEF (30.3±8.2% vs. 31.7±6.8%, P=0.32), ali NTproBNP 
(1219±1338 pg/ml vs. 1298±1359 pg/ml, P=0.79), in glede na  funkcijo desnega prekata (TAPSE: 
1.82±0.40 cm vs. 1.86±0.52 cm, P=0.69; St: 10.3±2.2 cm/s vs. 10.6±3.2 cm/s, P=0.70; FAC: 30±6% vs. 
31±9%, P=0.66). 6 mesecev po transplantaciji matičnih celic je prišlo do statistično pomembnega 
izboljšanja vseh kazalcev sistolične funkcije desnega prekata (TAPSE: +0.31±0.12 cm, P=0.001; St: 
+1.0±1.2 cm/s; P=0.002; FAC: +8.9±2.9%, P=0.01). Sistolična funkcija desnega prekata se je statistično 
pomembneje izboljšala v skupini A (TAPSE: +0.43±0.64 cm, P=0.001; St: +1.5±2.4 cm/s; P=0.01; FAC: 
+9.9±2.1%, P=0.01) v primerjavi s skupino B (TAPSE: +0.18±0.14 cm, P=0.24; St: +0.4±1.1 cm/s; 
P=0.30; FAC: +8.7±3.1%, P=0.01). V obeh skupinah je vrednost TAPSE pomembno korelirala z 
unipolarnimi potenciali izmerjeno viabilnostjo prekatnega pretina (Pearson r=0.58, P<0.001). 
Zaključki. Pri bolnikih z neishemično dilatativno kardiomiopatijo funkcija desnega prekata pomembno 
korelira z viabilnostjo prekatnega pretina. Presaditev matičnih celic v področje prekatnega pretina je  





Aims. Contraction of interventricular septum (IVS) represents an important component of right 
ventricular (RV) function.  We investigated the effects of transendocardial delivery of CD34
+
 cells 
into IVS on RV function in patients with non-ischemic dilated cardiomyopathy (DCM). 
 Methods. We enrolled 80 patients with non-ischemic DCM, NYHA functional class 3 and 
LVEF<40%. At baseline, patients received granulocyte-colony stimulating factor; cells were 
collected by apheresis and immunomagnetic selection to yield a total dose of 80 million CD34
+
 
cells. With the guidance of electroanatomical mapping cell suspension was injected 
transendocardialy in the areas of myocardial hibernation, defined as unipolar voltage ≥8.27 mV 
and linear shortening <6%. Each patient received 20 injections of 0.3 mL. Patients who received 
cell at least 1 cell injection in the IVS area were included in Group A (N=40), and patients without 
IVS cell injections were assigned to Group B (N=40). Patients from both groups were followed 
for 6 months and changes in RV function were assessed by tricuspid annular plane systolic 
excursion (TAPSE), peak systolic velocity of tricuspid annulus (St), and fractional area change 
(FAC). 
Results. At baseline, the groups did not differ in age (57±9 years in Group A vs. 55±10 years in 
Group B, P=0.48), gender (male: 87% vs. 80%, P=0.54), LVEF (30.3±8.2% vs. 31.7±6.8%, 
P=0.32), or NTproBNP (1219±1338 pg/ml vs. 1298±1359 pg/ml, P=0.79). Similarly, we found no 
inter-group difference in RV function (TAPSE: 1.82±0.40 cm vs. 1.86±0.52 cm, P=0.69; St: 
10.3±2.2 cm/s vs. 10.6±3.2 cm/s, P=0.70; FAC: 30±6% vs. 31±9%, P=0.66). At 6 months, we 
found an overall improvement in all parameters of RV function (TAPSE: +0.31±0.12 cm, 
P=0.001; St: +1.0±1.2 cm/s; P=0.002; FAC: +8.9±2.9%, P=0.01). RV function improvement was 
more prominent in Group A (TAPSE: +0.43±0.64 cm, P=0.001; St: +1.5±2.4 cm/s; P=0.01; FAC: 
+9.9±2.1%, P=0.01) than in Group B (TAPSE: +0.18±0.14 cm, P=0.24; St: +0.4±1.1 cm/s; 
P=0.30; FAC: +8.7±3.1%, P=0.01). In both groups we found a significant correlation between 
TAPSE and IVS viability as measured by unipolar voltage (Pearson r=0.58, P<0.001). 
Conclusions.  In non-ischemic DCM, RV function correlates with the viability of IVS.  In these 





1.1. Advanced Chronic Heart Failure 
Heart failure is one of the most important and growing health care problems with incidence of 1 – 
2% of the adult population in developed countries, rising to ≥10% among people >70 years of 
age.
1 
Advances in medical treatments and device management of heart failure have improved 
survival and reduced the hospitalisation rate in patients with heart failure with reduced ejection 
fraction, but overall outcome often remains unsatisfactory. The most recent European data 
demonstrate that 12-month all-cause mortality rates for hospitalized and stable/ambulatory heart 
failure patients are 17,4% in acute heart failure and 7,2% in chronic stabile heart failure, and one-
year hospitalization rates in hospitalized acute and chronic heart failure patients are 44% and 32%, 
respectively.
2 
 A significant number of patients reach advanced heart failure with heart transplant or 
palliation remaining the only treatments of choice. In the past 5 years the distribution of diagnoses 
in patients undergoing heart transplantation has changed. Non-ischemic dilated cardiomyopathy 
(DCM) is now the most frequent cause of systolic heart failure and accounts for more than half of 
all heart transplantations, followed by ischemic cardiomyopathy, adult congenital disease and 
valvular disease.
3,4
 (Figure 1) Patients with nonischemic DCM thus represent the largest 
subpopulation in need for alternative treatment approaches.  
In advanced stages of heart failure, right ventricular (RV) dysfunction becomes one of the 
strongest predictors of mortality and profoundly affects patients exercise capacity and quality of 
life. Management of RV failure is not nearly as well established as the evidence that guides the 
management of chronic heart failure resulting from left ventricular (LV) systolic dysfunction. 
Prevention and reversal of RV dysfunction is therefore becoming an increasingly important 
therapeutic goal and development of novel therapeutic approaches targeting RV failure may be of 
particular importance. 
 
1.2. Nonischemic DCM 
Nonischemic DCM is defined as LV or biventricular dilation and systolic dysfunction in the 
absence of coronary artery disease or abnormal loading conditions, that is proportionate to the 






Figure 1. Advanced Chronic Heart Failure Ethiology According to ISHLT Registry 2015 




 The prevalence, causes and prognosis of DCM depend on geographical location of the 
population, demographics and socioeconomic status. In developed western countries DCM 
represents approximately 1/3 of the heart failure population and the incidence of DCM in is 5 – 8 
cases per 100,000 of the population
6
, although the numbers can be underrated due to 
asymptomatic cases. It predominantly affects younger adults, but can develop at any age. It affects 
both sexes and different ethnic groups. Although more common in male, women with idiopathic 
DCM present with more advanced heart failure and have worse survival.
7,8
 African Americans 
have almost three times higher risk of developing DCM and 1,5 – 2 times higher mortality risk 















1/2009 – 6/2014 
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 DCM is not a single disease entity, but can be apprehended as the final general response of 
myocardium to diverse genetic and environmental insults that cause myocardial remodelling, 
systolic dysfunction, and progression to heart failure. A large number of specific cardiac and 
systemic diseases can cause systolic impairment and LV dilation 
11
, but in the majority of patients 
the cause cannot be identified, and aetiology is difficult to establish. Inflammatory process, 
inherited forms and idiopathic DCM are equally responsible for more than 90% of DCM 
cases.
12,13
 DCM is regarded as familial (genetic) when more than one first-degree relative has 
been diagnosed with DCM. About 35% of DCM patients with an initial diagnosis of idiopathic 
DCM have a confirmed causative mutation.
14,15
 Mutations connected to DCM were identified in 
more than 100 genes.
16
 Persistent myocardial inflammation is probably one of the most common 
causes of DCM. Inflammatory dilated cardiomyopathy  develops as a consequence of the complex 
interplay of the infectious agent and immune response in susceptible individuals.
17
 Among 
histology of confirmed cases of myocarditis, the reported incidence of DCM varies from 14 – 
52%.
18
 Myocardial inflammation is most often caused by viral agents, rarely non-viral infectious 
organisms (bacteria, fungi, protozoa), or by a non-infectious diseases: systemic diseases, (auto) 
immune disorders, hypersensitivity reactions, and toxins. Other causes of DCM include: 
endocrinologic and metabolic disorders, infiltrative diseases, medications and toxins, tachycardia-
induced DCM other types of cardiomyopathies, which may either mimic or progress to DCM.
 18
 
Nevertheless, in approximately half of the studied patients with DCM, ethology remains 
undefined despite extensive etiological work – up.
19 
 Natural history of DCM is unpredictable, depending on multiple factors, and variable in 
course: from asymptomatic, mild or severe, insidiously or rapidly progressing disease. For 
asymptomatic patients the overall prognosis is unclear. However, despite advances made in 
diagnostic and treatment, when symptomatic, it has high morbidity and mortality. The overall 
prognosis for patients with advanced heart failure is poor with 25% mortality at 1 year and 50% 
mortality at 5 years. 
20,21 
 A number of clinical parameters predict poor prognosis in DCM, the most important being 
left ventricular enlargement, right ventricular enlargement, left and right ventricular ejection 
fraction, advanced age, NYHA class, elevated left ventricular filling pressures, right sided heart 
failure, moderate to severe mitral regurgitation, pulmonary hypertension, ECG changes (AV 
block, left bundle branch block, intraventricular conduction delay), reduced heart rete variability, 
recurrent ventricular arrhythmias, myocytolysis on endomyocardial biopsy, elevated levels of 
neurohormones, elevated levels of cytokines, persistently elevated markers of myocardial cell 
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death, decreased peak oxygen consumption (<10-12mL /kg/min), reduced contractile response to 
dobutamine, concomitant renal or hepatic dysfunction, and presence of comorbidities. 
22 
  In general population with heart failure left ventricular dysfunction is a strong predictor of 
adverse outcome, but when applied to patients with advanced heart failure its prognostic value 
loses strength.
23
 In DCM population with advanced heart failure, right ventricular systolic 
function is a powerful, independent predictor of transplant-free survival and its dysfunction an 
important predictor of adverse heart failure outcomes.
24-29
 Thus, DCM patients with RV 
dysfunction appear to be particularly vulnerable. 
 
 
1.3. Pathophysiological Mechanisms Contributing to DCM Progression  
DCM is a progressive disorder – initial event or repeated injuries to myocardium cause 
cardiomyocyte loss or disrupt the ability of myocardium to generate adequate contractile force, 
leading to chamber dilation and contractile dysfunction in the process of myocardial remodelling. 
In DCM the initial event is often clinically silent and unrecognised. The process of unfavourable 
myocardial remodelling that leads to progression of cardiomyopathy involves neurohormonal and 
cytokine system activation, and a combination of changes in cardiac structure and function.  
 Alterations in the myocardium can be categorised into those affecting cardiac myocytes 
and changes in composition and volume of extracellular matrix. Affected myocardium shows 
evidence of cardiac myocyte loss via necrosis and apoptosis.
30
 Failing human cardiac myocytes 
also undergo a number of structural changes: they vary in size, are either atrophied or 
hypertrophied, have abnormal number, shapes and sizes of mitochondria.
30,31,32
 There is evidence 
of progressive loss of myofilaments, alterations in cytoskeletal proteins, alterations in excitation – 
contraction coupling, decreased α-myosin heavy-chain and increased β-myosin heavy-chain gene 
expression, and desensitization of β-adrenergic signalling.
30,31
  Abnormalities in mitochondrial 
function lead to energy deprivation and increased oxidative stress.
32,33
  Reported changes lead to 
metabolic abnormalities, disturbed calcium homeostasis of cardiomyocytes, progressive decline in 
contraction force generation and transmission defect of cardiomyocytes.
30 
There is evidence of 
dysfunctional collagen homeostasis and extracellular matrix expansion; changes consist of 
perivascular and interstitial fibrosis around intramyocardial blood vessels, and replacement 
fibrosis.
34
 It is unclear if myocyte loss occurs first followed by replacement fibrosis, or if primary 
fibroblast activation and development of fibrosis leads to myocyte loss.
34
 These may in part be 
through compromised blood flow, myocyte compression, ischemia-induced cardiomyocyte 




cardiomyopathic tissue there is evidence of abnormal collagen deposition: areas of focal 
interstitial collagen accumulation, increased expression of matrix metalloproteinase activity with 
evidence of excessive collagen fibre lysis.
36 
 
 Patients with DCM have areas of viable but dysfunctional myocardium, and areas of 
myocardial scar, even though epicardial coronary arteries are normal. The extent of LV dilation 
and contractile impairment are the major determinants of adverse outcomes in patients with DCM, 
and contractile dysfunction of left ventricle is often accompanied by enlargement of other heart 




 The exact pathophysiologic mechanisms that underlie these changes remain poorly 
understood. Inflammation and altered immune response may play a key role in adverse 
remodelling of myocardium. Mechanisms modulating immune and inflammatory responses are 
dysfunctional in both nonischemic and ischemic dilated cardiomyopathy, and are associated with 
the progression of heart failure. Persistently elevated C-reactive protein level
38
, up-regulation of 
other inflammatory markers, such as inducible nitric oxide synthase and tumor necrosis factor
39
, 
reduced circulating levels and compromised suppressive function of T – regulatory cells
40
, are all 
present in DCM patients. These changes are consistent with a chronic inflammatory state, and can 
directly and indirectly cause myocardial loss through increased necrosis, apoptosis, fibrosis and 
microvascular dysfunction.
41,42   
 
 Microvascular dysfunction has been demonstrated in animal models and in patients with 
DCM. Abnormalities include decreased epicardial capillary density, impaired vasculogenesis, and 
impaired endothelial function leading to a reduced vasodilator response to increased oxygen 
demand.
43-46
 Myocardial ischemia at the microvascular level could lead to ischemia induced 
myocyte cell death and to progressive LV dysfunction and adverse LV remodelling.  
 
 The causal role played by such responses will vary from patient to patient, depending on 
multiple genetic, epigenetic, and environmental factors. 
 
1.4. Management of Nonischemic DCM 
When implementing treatment strategies in patients with DCM, primarily treatable underlying 
disease or potentially reversible cause of DCM should always be sought actively, as effective 
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specific therapy can favourably alter the outcome. Although advances have been made in 
determining the ethiology of DCM, it often can’t be translated into therapeutic approach, and in 
most of DCM cases a causative treatment is difficult to implement. In symptomatic patients with 
DCM, treatment is in essence the same as the supportive therapy for heart failure and European 
Society of Cardiology guidelines for the diagnosis and treatment of acute and chronic heart failure 
apply, aiming to reduce symptoms, prevent or slow down the progression of DCM, prolong life 
and improve the quality of life.
1
 Treatment strategy for a patient with symptomatic heart failure 
with reduced ejection fraction is presented in Figure 2 and described below. 
In symptomatic patients standard medical therapy comprises of the neuro-hormonal 
antagonists: angiotensin converting enzyme inhibitors (ACEI), beta-blockers, mineralocorticoid 
receptor antagonists (MRA). In ambulatory patients, who remain symptomatic on ACEI, 
sacubitril/valsartan is recommended to replace ACEIs.
47
 ARBs should be used in ACEI intolerant 
patients or those who take an ACEI but are unable to tolerate an MRA. Ivabradine has also been 
shown to improve outcomes in patients with elevated heart rate. Diuretics are used in patients with 
signs of congestion and therapy individually tailored. Antiarrhythmic medical therapy can be used 
individually for the treatment or the suppression symptomatic ventricular and supraventricular 
arrhythmias. In management of cardiomyopathies the following medication classes are often used 
to relieve signs and symptoms of heart failure: cardiac glycosides, nitrates, vasodilators, human B-
type natriuretic peptide and inotropic agents.
 
Other interventions include device therapy for 
treatment of arrhythmias and sudden death prevention, and mechanical circulatory support can be 
beneficial in selected patients. However, despite the advances in medical and device treatment of 
heart failure, a significant number of DCM patients reach advanced heart failure, and when 




Figure 2. Treatment Strategy for Patients with Symptomatic Heart Failure with Reduced 
Ejection Fraction. Green indicates a class I recommendation; yellow indicates a class IIa 
recommendation.  
(ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor neprilysin 
inhibitor; BNP = B-type natriuretic peptide; CRT = cardiac resynchronization therapy; HF = heart failure; HFrEF = heart failure 
with reduced ejection fraction; H-ISDN = hydralazine and isosorbide dinitrate; HR = heart rate; ICD = implantable cardioverter 
defibrillator; LBBB = left bundle branch block; LVAD = left ventricular assist device; LVEF = left ventricular ejection fraction; 
MR = mineralocorticoid receptor; NT-proBNP = N-terminal pro-B type natriuretic peptide; NYHA = New York Heart 
Association; OMT = optimal medical therapy; VF = ventricular fibrillation; VT = ventricular tachycardia.  aSymptomatic = NYHA 
Class II-IV. bHFrEF = LVEF <40%. cIf ACE inhibitor not tolerated/contra-indicated, use ARB. dIf MR antagonist not 
tolerated/contra-indicated, use ARB. eWith a hospital admission for HF within the last 6 months or with elevated natriuretic 
peptides (BNP > 250 pg/ml or NTproBNP > 500 pg/ml in men and 750 pg/ml in women). fWith an elevated plasma natriuretic 
peptide level (BNP ≥ 150 pg/mL or plasma NT-proBNP ≥ 600 pg/mL, or if HF hospitalization within recent 12 months plasma 
BNP ≥ 100 pg/mL or plasma NT-proBNP ≥ 400 pg/mL). gIn doses equivalent to enalapril 10 mg b.i.d. hWith a hospital admission 
for HF within the previous year. iCRT is recommended if QRS ≥ 130 msec and LBBB (in sinus rhythm). jCRT should/may be 
considered if QRS ≥ 130 msec with non-LBBB (in a sinus rhythm) or for patients in AF provided a strategy to ensure bi-
ventricular capture in place (individualized decision) 
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1.5. Management of RV Dysfunction in DCM 
Management of RV dysfunction and failure in DCM patients is not nearly as well established as 
the evidence that guides the management of chronic heart failure resulting from left ventricular 
(LV) systolic dysfunction. Angiotensin-converting enzyme inhibition has been shown to increase 
RVEF and to reduce RV end-diastolic volume and filling pressures in patients with biventricular 
failure,
48
 and small studies also have demonstrated beneficial effect of beta-blockers on RV 
systolic function.
49
 Potentially reversible causes of RV failure should be taken into account and 
corrected when feasible, although specific treatment usually involves strategies aimed at 
optimising RV preload, afterload, and contractility.
50
 Arrhythmias profoundly affect RV function 
and should be managed agressively.
51
 General measures are aimed at improving conditions that 





patients with RV failure that require respiratory support, lung protective ventilation using the 
lowest effective plateau pressure, tidal volume, and positive end-expiratory pressure should be 
employed to optimise both RV preload and afterload.
54
 Mechanical circulatory support can also 
offer a bridge to RV recovery or to transplant in selected patients with refractory or acute RV 
heart failure.
55 
 Despite this measures it appears that the current management of RV dysfunction is 
inadequate and thus represents an important parameter limiting the prognosis in non-ischemic 
DCM. Therefore, novel therapeutic strategies for management of RV dysfunction could 
potentially represent an opportunity to significantly improve the prognosis of this patient cohort. 
 
1.6. Stem Cell Therapy for DCM 
In the recent years several stem cell therapies have been tested for heart failure in preclinical and 
clinical trials, and represent one of potentially promising treatment modalities.  
Preclinical trials suggest that stem cell therapy might target several mechanisms implicated 
in the pathogenesis and progression of non-ischemic dilated cardiomyopathy (DCM). Although 
some stem cells can differentiate to exhibit markers of cardiomyocytes, endothelial and smooth 
muscle cells
56
, it is now believed, that the potential beneficial effect derives from their paracrine 
activities, and not through their transdifferentiating and regeneration of the target tissue. Stem 
cells secrete numerous cytokines and growth factors, many of them are related to inflammation, 
apoptosis, angiogenesis, microvascular dysfunction, mitochondrial dysfunction, and collagen 
deposition.
57-65
 The process of unfavourable myocardial remodelling that leads to progression of 
 14 
cardiomyopathy can potentially be modified by stem cell therapy, and different patterns of 
secretory products excreted by different types of stem cells can influence their relative efficacy. 
Several clinical trials have already demonstrated a significant improvement of left ventricular 





an improvement of regional wall motion of the target area and 
an increase in left ventricular ejection fraction (LVEF) was exhibited at 3 months, and within the 
first year after therapy N-terminal prohormone brain natriuretic peptide (NT-proBNP) serum 
levels decreased significantly.  
 In the ABCD (Autologous Bone Marrow Cells in Dilated Cardiomyopathy) trial67 
enrolling
 
DCM patients treated with unselected BMCs via coronary sinus, there was significant 
improvement in LVEF and reduction in end-systolic volumes in 28 month follow up time 
comparing to control arm treated with optimal medical therapy.
 
Similar results were found in a 
study in end-stage DCM
68 
where at 1 month after therapy, patients who received stem cell 
infusions showed improvements in LVEF, maximal oxygen consumption, NYHA functional class, 
and quality of life.  
 Vrtovec et al.69 have performed the first prospective, randomized open label trial 
investigating long-term effects of cell therapy in patients with DCM; at 5 years, stem cell therapy 
was associated with an increase in LVEF, an increase in 6-minute walk distance, and a decrease in 
NT-proBNP. In this trial it was proven that the response to intracoronary CD34
+
 cell therapy 
depended on the degree of myocardial cell retention. The same group investigated whether better 
cell retention rates results in superior clinical improvement by comparing transendocardial and 
intracoronary application; of 40 patients with DCM, 20 were randomized to receive intracoronary 




 At 6 months, the patients who received 
transendocardial CD 34+ injections exhibited more prominent improvement in LVEF, 6-minute 
walk test distance and NT-proBNP. 
 
In randomized, placebo-controlled trial REGENERATE-DCM
71 
patients were treated with 
a combination of G-CSF and intracoronary cell therapy, and at 3 months after cell therapy they 
found a significant improvement in cardiac function, symptoms, and biochemical parameters.  
 In a POSEIDON-DCM72 trial autologous versus allogeneic bone marrow-derived 
mesenchymal cell therapy was tested in DCM patients; LVEF increased in both groups, though 
the results were superior with allogeneic cell therapy. The same was true for changes in exercise 






Table 1. Studies of Cell Therapy in Nonischemic DCM. 
__________________________________________________________________________________________ 
(ABCD = Autologous Bone Marrow Cells in Dilated Cardiomyopathy Trial, alloMSC = allogeneic bone marrow – derived human 
mesenchymal stem cells, autoMSC = autologous bone marrow-derived human mesenchymal stem cells, BMMC = bone marrow-
derived progenitor cells, CD34+ = CD34+ hematopoietic cells , IC = intracoronary, IV = intravenous, LVEF = left ventricular 
ejection fraction, LVEDD = left ventricular end – diastolic diameter, MACE = major adverse cardiac events, NYHA = New York 
Heart Association (NYHA) Functional Classification, POSEIDON-DCM = PercutaneOus StEm Cell Injection Delivery Effects On 
Neomyogenesis in Dilated CardioMyopathy, REGENERATE – DCM = The Bone Marrow Derived Adult Stem Cells for Dilated 
Cardiomyopathy trial, TE = transendocardial, TOPCARE – DCM = A Pilot Trial to Assess Potential Effects of Selective 
Intracoronary Bone Marrow-Derived Progenitor Cell Infusion in Patients with Non-Ischemic Dilated Cardiomyopathy). 
 
 
 However, although several clinical trials in DCM have demonstrated a significant 
improvement of left ventricular function with cell therapy, no clinical study to date investigated 








The aim of this study was to investigate the effect of CD34
+
 stem cell transplantation on right 
ventricular RV function in patients with nonischemic DCM. 
 
3. HYPOTHESES 
1.  Electromechanic properties of interventricular septum (IVS) measured by 
electroanatomical mapping correlate with RV function in patients with nonischemic DCM.  
2.  Transendocardial transplantation of CD34
+
 stem cells in IVS area improves RV function in 
nonischemic DCM patients.  
 
4. PATIENTS AND METHODS 
4.1. Patient Population 
We have enrolled 80 patients diagnosed with nonischemic DCM referred to Advanced Heart 
Failure and Transplantation Centre at University Medical Centre Ljubljana, who met all the 
inclusion criteria and none of the exclusion criteria. Informed consent was obtained for all patients 
before participation in the study. The protocol was approved by Republic of Slovenia National 
Medical Ethics Committee (#121/01/14), Agency for Medicinal Products and Medical Devices of 
the Republic of Slovenia (#2016-002153-38) and registered on Clinicaltrials.gov (NTC02445534). 
 
Inclusion criteria: 
 Age: 18-70 years  




 Optimal medical management for at least 6 months according to ESC guidelines73 
 Left ventricular systolic dysfunction (LVEF: 20-40%) 






 Acute multiorgan failure 
 History of malignant neoplasm in the past 5 years 




4.2. Study Protocol 
 In all patients we have mobilized CD34+ stem cells by granulocyte – colony stimulating 
factor and collected them via apheresis and imunomagnetic selection. We have assessed regional 
and global viability, contractility and electrophysiological properties of the left ventricle by 
electroanatomic mapping. Stem cells were delivered into target areas of the left ventricle 
according to the standard electromechanic criteria. Patients who have received at least one 
application of stem cells into interventricular septum (IVS) were included in Group A, and 
patients who did not receive stem cells in the IVS area in Group B. We have followed the patients 
for 6 months. At the time of enrolment and again at 6 months from baseline, we have performed a 
detailed clinical evaluation, laboratory assays, and echocardiography. All echocardiographic 
recordings were de – identified, and an independent echosonographer blinded to both 
randomization and timing of the recordings analysed all recordings at the end of the study. 
Changes in right ventricular systolic function between baseline and 6 months were used to assess 
the impact of stem cell transplantation on right ventricular function. Laboratory assays were 
performed by central independent laboratory blinded to the clinical data. All data were collected 
in a central secure database. The flowchart of the study design, together with timelines is 















Figure 3. Flowchart of the Study Design.  
IVS = interventricular septum, RV = right ventricle 
 
 
4.3. Peripheral Blood CD 34
+
 Stem Cell Mobilization and Collection 
Peripheral blood bone marrow cells were mobilized by daily subcutaneous injections of 
granulocyte colony – stimulating factor: filgrastim (10 g/kg daily). On the fifth day, a full blood 
count and peripheral blood CD34
+
 cell count was performed. Peripheral blood stem cells were 
then collected with the Amicus® cell separator (Fenwal Inc., Lake Zurich, IL, USA). At a blood 
flow speed of 40 ml /min; this processed from 1.5 to 2 liters of the patient’s total blood volume. 
The magnetic cell separator CliniMacs® was used for the imunomagnetic - positive selection of 
CD34
+
 cells. In a closed system, the collected cells were selected with specific antibodies (CD34 
MicroBead Kit, Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). Of the recovered CD34
+
 







4.4. Electroanatomical Mapping and Transendocardial Stem Cell Delivery  
Electroanatomical mapping was performed using the Biosense NOGA system (Biosense-Webster, 
Diamond Bar, California)
74
. For each patient, color-coded unipolar voltage (UV) and linear 
shortening (LLS) maps and their corresponding “bull’s – eye” maps, consisting of at least 150 
sampling points were generated. The center of mass of the reconstructed left ventricular chamber 
was automatically calculated by the system from the set of endocardial points that were sampled. 
The long axis of the left ventricle was defined as the line connecting the apex and the centre of 
mass. The long axis was divided into 3 slices (apex, middle, and base). Unipolar voltage was 
averaged for each of the 9 myocardial segments (apical, anterior, anterobasal, lateral, laterobasal, 
posterior, posterobasal, septal, and basal septal). A representative electromechanical map 
displaying the sites of cell injections is presented in Figure 4.  
 
Viability of the IVS was defined by averaging the measurements obtained in the septal 
segments. Exemplary polar maps of normal and decreased IVS viability are presented in Figure 5. 
In accordance with previous studies in non-ischemic DCM
75
, hibernating segments were defined 
as areas with average unipolar voltage ≥8.27 mV and average linear shortening <6%. Scarred 
myocardium was defined as areas with unipolar voltage <8.27 mV and linear shortening <6%, and 
normal myocardium was defined as areas with unipolar voltage ≥8.27 mV and linear shortening 
≥6%. Transendocardial delivery of cell suspension targeting the hibernating segments of the left 
ventricle was performed with MyoStar® (Biosense Webster) injection catheter. Each patient 




Figure 4. Exemplary 3D (panels A and C) and corresponding 2D (panels B and D) 
quantitative polar maps of a patient with non-ischemic DCM, showing unipolar voltage and 
local linear shortening. Segments with predominance of high unipolar voltage and high local 
linear shortening; LLS (purple, blue, or green colour on both panels) are defined as normal 
myocardium (N); segments with predominance of low unipolar voltage and low LLS (red and 
yellow colour on both panels) are defined as scarred myocardium (S); and segments with a 
predominance of high unipolar voltage (purple, blue, or green on left panel) and low LLS (red or 
yellow on right panel) are defined as hibernating myocardium (H). Brown dots represent the sites 





Figure 5. Exemplary polar maps of a patient with normal viability of interventricular 
septum (left) and decreased viability of interventricular septum (right). Segments with 
normal viability have predominance of high unipolar voltage, displayed as purple, blue, or green 
color; segments with decreased viability have predominance of low unipolar voltage, displayed as 
red and yellow color. Brown dots represent the sites of cell injections. 
 
4. 5. Echocardiography 
Transthoracic echocardiography was performed at baseline and 6 months after stem cell 
transplantation according to American Society of Echocardiography (ASE) and European 
Association of Cardiovascular Imaging (EACVI) recommendations
76
. A cardiac ultrasound system 
(GE Vivid E9, Vingmed Ultrasound, Horten, Norway) was used for imaging. Recordings were 
obtained at rest with patient in the left lateral decubitus position. For each patient in sinus rhythm, 
at least three end-expiratory full cardiac cycles were recorded for each protocol specified view, 
and for patients in atrial fibrillation, at least five end-expiratory full cardiac cycles per view. All 
Doppler signals were recorded with a chart speed set at 100 mm/s. All acquired 2D and Doppler 
images were anonymised and stored digitally for off line analysis.  At the end of the study images 
were analysed by  an independent echocardiographer using advanced analysis software (EchoPac, 
General Electric). All measurements were performed according to American Society of 








Echocardiographic assessment of LV 
 
LV cavity size was assessed by left ventricular linear internal dimensions and LV volumes. Linear 
measurements of left ventricle diameter were obtained in end diastole from 2DE 
echocardiographic images in the parasternal long-axis view, perpendicular to the LV long axis, 
immediately below the level of the mitral valve leaflet tips, with the electronic calipers positioned 
on the interface between the myocardial wall and ventricular cavity. End – diastole was defined as 
the first frame after mitral valve closure or the frame in the cardiac cycle in which the respective 
LV dimension was the largest, and end – systole was defined as the frame after aortic valve 
closure or the frame in which the cardiac dimension was the smallest.
76
  
 LV volumes were obtained from 2 dimensional echocardiographic images in the apical 
four – and two – chamber views by tracings of the interface between the compacted myocardium 
and the LV cavity in end – diastole and end – systole. At the mitral valve level, the contour was 
closed by connecting the two opposite sides of the mitral ring with a straight line, and LV length 
was defined as the distance between the middle of this line and the most distant point of the LV 
contour. Left ventricular end diastolic (EDV) and end systolic volume (ESV) were calculated 
automatically using the biplane method of disks summation (by modified Simpson’s rule).  
 LV ejection fraction (LVEF) was used for the assessment of LV systolic function. LVEF 
was calculated from end diastolic and end systolic volume using the formula:  
 
LVEF = (LV EDV – LV ESV) / LV EDV  
 
 The E/e’ ratio was used to estimate LV filling pressure 
77
. E/e′ ratio >15 was used as a 
predictor of an elevated (>12 mm Hg) mean left ventricular diastolic pressure. A peak mitral 
inflow velocity during early diastole (E wave) was measured from pulsed – wave (PW) Doppler in 
the apical four – chamber view. Mitral inflow waveforms were recorded during diastole after wall 
filter setting and optimization of spectral gain, with the 1-3mm Doppler beam aligned parallel to 
the direction of flow, and the sample volume placed between the mitral leaflet tips.
78
 Tissue 
Doppler imaging (TDI) of the mitral annulus was obtained from the apical four-chamber view, 
using a 1-2 mm sample volume placed in the septal mitral valve annulus. Over the cardiac circle 





Echocardiographic assessment of RV 
 
The basal RV diameter was measured at the maximal short-axis dimension in the basal one third 
of the right ventricle from 2DE right ventricle–focused apical 4-chamber view at end-diastole.
79 
Right ventricular function was assessed by the following echocardiographic indices of RV 
function: (1) tricuspid annular plane systolic excursion (TAPSE), (2) Tissue Doppler–derived 
tricuspid lateral annular systolic velocity (St), and (3) Percent of fractional area change (FAC).
 
  (1) Tricuspid Annular Plane Systolic Excursion (TAPSE) was obtained from a standard 
apical 4-chamber view by placing an M-mode cursor through the lateral tricuspid annulus, aligned 
with the direction of RV longitudinal excursion; the amount of the annulus longitudinal movement 
was measured in centimetres (cm) between peak systole and end – diastole (Figure 6).   
 
 
Figure 6. Exemplary measurement of tricuspid annular plane systolic excursion (TAPSE). 
Longitudinal movement of the tricuspid annulus between peak systole and end – diastole 
measured in centimetres (cm).  
 
(2) Tissue Doppler–derived Tricuspid Lateral Annular Systolic Velocity (St). Tissue Doppler 
imaging (TDI) of the tricuspid annulus was obtained from the apical four – chamber view. The 
pulsed Doppler using a 1- 2 mm sample volume was placed in the tricuspid annulus. Over the 
cardiac circle velocity profile was automatically generated, and velocity St was measured as the 
maximal systolic velocity (Figure 7).  
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Figure  7. Exemplary measurement of tissue Doppler–derived tricuspid lateral annular 
maximal systolic velocity (St). St obtained by pulsed – wave TDI at lateral tricuspid valve 
annulus with sample volume placed in the tricuspid annulus. 
 
3) Two-dimensional Fractional Area Change (FAC) was obtained from 2DE right ventricle–
focused apical 4 – chamber view by tracing the RV endocardium both in systole and diastole from 
the annulus, along the free wall to the apex, and then back to the annulus, along the 
interventricular septum (Figure 8). The percentage RV FAC was calculated as follows:  
 
RV FAC (%) = (End-diastolic area - End-systolic area) / End-diastolic area x 100%.
 
 
      
Figure 8. Exemplary assessment of two-dimensional Fractional Area Change (RV FAC). 
FAC was derived from end – diastolic area of the RV (left) and end – systolic area of the RV, 
obtained in 2DE right ventricle–focused apical 4 – chamber view as: FAC (%) = (End-diastolic 
area - End-systolic area) / End-diastolic area x 100%. 
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The systolic pulmonary arterial pressure (SPAP) was estimated from RV systolic pressure 
(RVSP), assuming that in the absence of a gradient of across RVOT or the pulmonic valve, it is 
equal to RVSP.
79
 RV systolic pressure (RVSP) was determined by the sum of peak RV – right 
atrial (RA) gradient, estimated from peak tricuspid regurgitation (TR) jet velocity (V in meters per 
second) using the simplified Bernoulli equation, and adding an estimate of the RA pressure, as has 





 + RA pressure 
 
RA pressure was estimated from inferior vena cava (IVC) diameter, and the change in 
diameter of the IVC with a sniff. 
81
 Images were obtained in the subcostal view, with the IVC 
viewed in its long axis; the measurement of the IVC diameter were made perpendicular to the 
long axis of the IVC at the end-expiration and just proximal to the junction of the hepatic veins. 
IVC diameter 2.1 cm that collapses >50% with a sniff suggested a normal RA pressure of 3 mm 
Hg, whereas an IVC diameter > 2.1 cm that collapses <50% with a sniff suggested a high RA 
pressure of 15 mm Hg; in cases in which the IVC diameter and collapse did not fit the values 
listed above, an intermediate value of 8 mm Hg was used. 
 
4.6. 6-minute Walk Test and NT-proBNP Measurements.  
6-minute walk test was performed by a blinded observer according to the standard protocol
82
, and 
NT-proBNP assays were performed at a central independent laboratory with a commercially 
available kit (Roche Diagnostics, Mannheim, Germany). 
 
4.7. Follow-up and Endpoints  
Patients were followed for 6 months. The primary end-point was change in TAPSE. Secondary 
end-points included changes in St, FAC, and LVEF.  
 
4.8. Statistical Methods and Analysis  
Based on our previous findings on CD34
+
 cell transplantation in DCM
69,70
 the sample size 
calculation for this study was based on the 90% probability that the study will detect a treatment 
difference with a 5% 2-sided significance level, if the true difference in TAPSE at 6 months 
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between the SC Group and Controls and is 0.40 cm (assuming a standard deviation of 0.45 cm). 
Continuous variables are presented as means (± standard deviation). Categorical variables were 
compared with the use of chi-square test. Changes in TAPSE between baseline and 6 months were 
evaluated with paired t-test. Relationship of changes in TAPSE and changes in IVS unipolar 
voltage and LLS was evaluated by Pearson correlation coefficient. Statistical significance was 
assumed for P values of less than 0.05. All statistical analyses were performed with SPSS 
software (version 20.0). 
 
5. RESULTS 
5.1. Patient Characteristics  
Of 80 patients entering the study, 2 patients from the Group B died, and 2 patients from the Group 
A underwent urgent heart transplantation within 6 months. At baseline, Groups A and B did not 
differ in demographic parameters, LVEF, LVEDD, renal and liver function, NT-proBNP, exercise 
capacity, or heart failure medications (Table 2). 
 
5.2. Right Ventricular Function and Electromechanical Properties of IVS  
At baseline, mean IVS viability was preserved (≥8.27 mV) in 59/80 (74%), and decreased (<8.27 
mV) in 21/80 (26%) of patients. When compared to patients with preserved IVS viability, patients 
with decreased IVS viability displayed significantly worse RV function, as measured by TAPSE, 
St, and FAC (Figure 9). In accordance with these findings, we also found a significant correlation 
between TAPSE and IVS viability as measured by unipolar voltage (Pearson r=0.58, P<0.0001; 
Figure 10). However, we have found no significant correlation between TAPSE and local linear 





















     
          
Age, y 56±10 57±9 55±10 0.48      
Male gender 67 (84) 35 (87) 32 (80) 0.54      
LVEF, % 30.9±7.5 30.3±8.2 31.7±6.8 0.32      
LVEDD, cm 5.89±1.67 5.84±1.87 6.12±1.66 0.49      
Creatinine,  μmol/L 86.1±23.3 89.4±23.9 83.0±22.6 0.22      
Bilirubin,  μmol/L 16.5±10.2 15.6±11.1 17.5±9.2 0.41      
NTproBNP, pg/mL 1258±1341 1219±1338 1298±1359 0.79      
6-minute walk, m 331±85 325±87 337±78 0.30      
 
Medical therapy 
         
     ACEI/ARB 80 (100) 40 (100) 40 (100) 1.00      
     Beta blockers 80 (100) 40 (100) 40 (100) 1.00      
     MRA 60 (75) 31 (78) 29 (73) 0.80      
     Digoxin 9 (11) 4 (10) 5 (13) 0.73      
     Loop diuretics 80 (100) 40 (100) 40 (100) 1.00      
          
Values are presented as mean±SD or number of patients (percent). (ACEI = angiotensin convertase inhibitor; ARB 
= angiotenzin receptor blocker; LVEF = left ventricular ejection fraction, LVEDD = left ventricular end – diastolic diameter, NT 
proBNP = N-terminal prohormone brain natriuretic peptide, MRA, mineralocorticoid receptor antagonist) 
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Figure 9. Baseline parameters of right ventricular function in patients with preserved and 
decreased viability of IVS. When compared to patients with preserved IVS viability (white bars), 
patients with decreased IVS viability (blue bars) displayed significantly worse RV function, as 
measured by TAPSE, St, and FAC. (FAC = percent of fractional area change, IVS = interventricular septum, St = peak 








Figure 10. Correlation between TAPSE and viability of IVS measured by unipolar voltage. 
(IVS = interventricular septum, TAPSE = tricuspid annular plane systolic excursion) 
 
Figure 11. Correlation between TAPSE and local linear shortening of interventricular 
septum. (IVS = interventricular septum, TAPSE = tricuspid annular plane systolic excursion) 
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5.3. Changes of Echocardiographic Parameters with Cell Therapy  
When compared to baseline we found a significant overall improvement in TAPSE, St, and FAC 
at 6 months after cell therapy. Furthermore, we have found a significant improvement in LVEF. In 
contrast, there was no significant change in right ventricular size, LVEDD and left ventricular 
filling pressures, measured by E/e’ (Table 3). 
 















Values are presented as mean±SD. (TAPSE = tricuspid annular plane systolic excursion; St = peak systolic tissue Doppler 
velocity of tricuspid annulus; FAC = percent of fractional area change; RV = right ventricle; LVEF = left ventricular ejection 














    
TAPSE, cm 1.84±0.46 2.15±0.48 0.001 
St, cm/s 10.5±2.8 11.5±2.9 0.002 
FAC, % 31.1±7.0 40.0±7.9 0.001 
RV size, cm 3.42±0.67 3.40±0.59 0.21 
LVEF, % 30.9±7.5 37.5±7.1 0.01 
LVEDD, cm 5.89±1.67 5.87±1.77 0.55 
E/e' 19.3±1.4 18.2±1.7 0.40 
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5.4. IVS Cell Injections and Changes of Right Ventricular Function  
Overall, the distribution and numbers of cell injections in the left ventricle were comparable in 
patients receiving IVS cell injections (Group A) and patients with no cell delivery in the IVS area 
(Group B). (Table 4) 
When compared to patient s without IVS cell injections (Group B), patients receiving cell 
therapy displayed a more pronounced improvement in TAPSE (Figure 12) and St (Figure 13). In 
contrast, changes in FAC were comparable in both groups (Figure 14). 
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Posterior wall     
     Patients 25 (30) 11 (28) 15 (38) 0.47 
     Injections per patient 6.6±3.0 6.3±2.8 6.9±3.2 0.20 
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Figure 12. Changes in TAPSE in patients receiving cell injections in the IVS and in patients 
without IVS cell delivery. (IVS = interventricular septum, TAPSE = tricuspid annular plane systolic excursion) 
 
 
Figure 13. Changes in St in patients receiving cell injections in the IVS and in patients 
without IVS cell delivery. (IVS = interventricular septum, TAPSE = tricuspid annular plane systolic excursion) 
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Figure 14. Changes in FAC in patients receiving cell injections in the IVS and in patients 
without IVS cell delivery. (FAC = fractional area change, IVS = interventricular septum) 
 
6. DISCUSSION 
This is the first clinical trial to date investigating the effects of cell therapy on RV function in 
DCM. In these patients, we found a significant improvement in parameters of RV function with 
transendocardial transplantation of cells in the LV.  
 
6.1. Parameters of RV Function and Viability of IVS in Nonischemic DCM 
In the present study we have found that patients with decreased IVS viability displayed 
significantly worse RV function when compared to patients with preserved IVS viability. These 
differences were consistent regardless of the echocardiographic measurement used. Furthermore, 
we have found a strong correlation between TAPSE and IVS viability, measured by unipolar 
voltage. 
RV systolic dysfunction in DCM is common with a prevalence of 34%.
29
 Multiple 
mechanisms contribute to right ventricular dysfunction in DCM: RV is subjected to pressure or 
volume overload, cardiomyopathic process, ischemia, arrhythmias, dyssynchrony, and is affected 





 Under normal conditions, the RV operates against a low-pressure, high-capacitance, low-
impedance system. Thin walled and highly compliant, RV is better adopted to increase in volume 
load, but exquisitely sensitive to pressure overload
84
. In LV failure increased left ventricular 
filling pressure causes chronic pulmonary venous hypertension,
85,86
 which can trigger pulmonary 
arterial remodelling and RV pressure overload. Specific underlying mechanisms of right heart 
failure due to pulmonary hypertension are unclear, and shift from adaptive to maladaptive states 
are not well understood. Chronic pressure overload can initially cause adaptive RV hypertrophy
87
, 
although the degree of hypertrophy is highly variable and may depend on ability to recapitulate 
fetal gene pattern.
88 
Pressure overload can often be tolerated for many years until RV systolic 
dysfunction occurs.
89
 Dilation of RV chamber ensues compensatory increase in preload to 
maintain adequate stroke volume despite contractile dysfunction, but with worsening of systolic 
function, RV chamber can further dilate causing functional tricuspid regurgitation, and 
progression to RV failure.
90
 Increase in size and pressure overload cause impaired filling of both 
ventricles. Unfavourable remodelling also depends on neurohormonal activation, type and 
severity of intrinsic cardiomyopathic process, the degree that intrinsic disease affects RV, 
myocardial perfusion.  
 Blood supply to RV varies depending on the dominance of the coronary system; but in 
majority of the population right coronary artery (RCA) supplies most of right ventricle; anterior 
wall and aneroseptal region are supplied by left anterior descending artery, inferoseptal region and 
posterior wall by posterior descending artery, and lateral wall by marginal branches for RV, 
infundibulum by conal artery.
91
 In normal conditions, proximal RCA flow occurs during systole 
and diastole, and distally from marginal branches diastolic blood flow predominates.
92 
Perfusion 
of the RV free wall is determined by the difference in RV free wall tension and coronary artery 
pressure.
93
 Systolic blood flow in RCA is compromised in states of LV systolic dysfunction and 
elevated RV pressure.
86 
Dilation of RV and increased wall stress compromise diastolic filling of 
the RCA,
94
 and increase oxygen demand. In a rat model of pulmonary hypertension defective 
microvascularization, drop in capillary density and decreased angiogenesis, were associated with 
RV decompensation
95
, suggesting that similar changes might also exist in DCM patients with RV 
failure. Chronic and repetitive myocardial ischemia thus occurs in RV myocardium in DCM 
patients in the absence of coronary artery disease, and can significantly affect RV function. 
 Contraction of left and right ventricle is interdependent and interdependence plays a 
crucial role in pathophysiology of right ventricular dysfunction.
96
 Left and right ventricle are 
anatomically and functionally connected through IVS, continuous superficial muscle layer that 
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binds together both ventricles, and by pericardium.
91 
Ventricular interdependence refers to the 
concept that properties and function of one ventricle affect the function of the other ventricle 
through direct mechanical interaction. Systolic ventricular interdependence is mediated mainly 
through muscle fibres shared by both ventricles, especially IVS, pericardium mainly affects filling 
of both ventricles and is an important determinant of diastolic interdependence.
96
 Diastolic 
ventricular interdependence is well proven in experimental models and different clinical settings. 
In setting of RV volume or pressure overload, the increase in RV volume shifts IVS towards left 
ventricle, changes LV geometry and increases pericardial constraint, leading to decreased 
distensibility of left ventricle and consequential lower output. On the other hand LV volume or 
pressure overload can affect RV filling by moving it to late diastole.
97,98
 
 Since, in the present study, parameters of RV function correlated strongly with viability of 
IVS and the improvements in RV function were more pronounced in patients receiving cell 
injections into IVS, we hypothesize that ventricular interdependence may represent a potential 
underlying mechanism for these findings. Left ventricle contraction may account for up to 40% of 
right ventricular systolic pressure and ejected volume
99
, and the function of IVS appears to be of 
particular importance with this regard. In the setting of RV myocardial infarction it was shown, 
that haemodynamic stability may solely depend on IVS contraction.
100,101 
 In GISSI echo sub-
study, RV functional recovery after acute myocardial infarction was best related to improvement 
of IVS function, suggesting a strong relation  between RV function and IVS contraction in this 
setting.
102 Therefore, the septal involvement and dysfunction in cardiomyopathic process may 
negatively impact the RV function, and RV function might be recovered by improvement of IVS 
viability and contraction with cell therapy. 
  
6.2. Effects of CD34+ Cell Therapy on RV Function in Nonischemic DCM 
Our results suggest that transendocardial delivery of CD34
+
 cells in the LV improves RV function 
in nonischemic DCM. These effects are particularly pronounced when the cell suspension is 
administered in the IVS area. 
 
In several pre-clinical settings it has been demonstrated that RV function may be improved 
by the use of cell therapies.
 103-105
. In a chronic pressure overload murine model of RV failure, 
intramyocardial injection of umbilical cord-derived mononuclear cells was associated with 
significant improvement in RV function; this strategy also led to a significant reduction of the 
fibrosis in the RV with concomitant increase in the expression of proangiogenic markers 
suggesting increased angiogenesis at the cell injection sites
103
. In accordance with these findings, 
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intramyocardial injection of bone marrow-derived mesenchymal stem cells in a swine model of 
pressure overload RV failure resulted in increased RV fractional area change, and improved 
myocardial strain mechanics when compared to placebo
104
. Furthermore, the cell-treated 
myocardium demonstrated enhanced neo vessel formation, superior recruitment of endogenous c-
kit+ cardiac stem cells to the RV and increased proliferation of cardiomyocytes and endothelial 
cells. In isolated rat hearts, pre-treatment with mesenchymal stem cells was also associated with 




Collectively, these data suggest that cell therapy may improve RV function, possibly by 
improving myocardial perfusion at the cell injection sites. Interestingly, although the majority of 
changes occurred in the myocardial segments targeted with stem cell injections, some 
improvement occurred also in the remote non-targeted areas, suggesting that a paracrine 
component may play an important role. Similarly, in accordance with this hypothesis, the 
improvement in RV function in patients without IVS injections may reflect the remote paracrine 
effect of CD34
+
 cell therapy. 
 To date, clinical data on the effects of cell therapy on RV function are scarce and limited 
to patients with hypoplastic left heart syndrome. In these infants, cardiosphere – derived cell 
therapy was associated with significantly greater improvement in right ventricular ejection 
fraction, reduced BNP levels, lower incidence of unplanned catheter interventions and higher 
weight-for-age z score at 36 months relative to controls
106
. In accordance with these findings, data 
from the present study suggest that cell therapy may also represent an effective therapeutic 
intervention to improve RV function in adult chronic heart failure population. 
 
6.3. Study Limitations  
The results of our study are subject to several limitations. Our sample size was small, both groups 
of patients were well matched at baseline. Our patient population included patients with DCM, but 
no biopsies were performed to exclude secondary cardiomyopathies. Finally, we recognize that 
patients with DCM are a heterogeneous patient population and dynamic changes in IVS viability 
and RV function may be multi-factorial. In particular, parameters of RV function may also be 
affected by changes in loading conditions; however, we have found no changes in LV filling 




1. Electroanatomic properties of interventricular septum correlate with right ventricular 
function in patients with nonischemic dilated cardiomyopathy. 
 
2. Transendocardial transplantation of CD34+ stem cells in the interventricular septum area is 
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POVZETEK DOKTORSKEGA DELA V SLOVENSKEM JEZIKU 
UVOD 
Napredovalo srčno popuščanje. Srčno popuščanje je edina bolezen srca in ožilja, katere pogostnost 
narašča in prizadene 1-2% populacije razvitega sveta. Čeprav se prognoza bolnikov s srčnim popuščanjem 
iz leta v leto izboljšuje, je bolezen še vedno povezana z zelo visoko smrtnostjo in obolevnostjo. Zadnji 
podatki za Evropo kažejo, da je 12-mesečna umrljivost  hospitaliziranih in stabilnih (ambulantnih) 
bolnikov z akutnim srčnim popuščanjem 17,4%; pri bolnikih s kroničnim srčnim popuščanjem pa 7,2%; 
znotraj enega leta je hospitaliziranih 44% bolnikov z akutnim in 32% bolnikov s kroničnim srčnim 
popuščanjem.
 
 Veliko bolnikov doseže tudi stopnjo napredovalega srčnega popuščanja, pri katerem edino 
preostalo možnost zdravljenja predstavlja presaditev srca.  Najpogostejši vzrok za nastanek napredovalega 
srčnega popuščanja je nesihemična dilatativna kardiomiopatija (DCM), ki je vzrok za presaditev srca pri 
več kot 50% bolnikov.
 
 Na podlagi teh podatkov lahko sklepamo, da so bolniki z DCM najbolj ogrožena 
skupina in zato bi novi načini zdravljenja teh bolnikov lahko bistveno izboljšali njihovo prognozo.  
Pri napredovalem srčnem popuščanju je funkcija desnega prekata eden najpomembnejših  
napovedni dejavnikov, ki pomembno vpliva na obolevnost, umrljivost, telesno zmogljivost in kvaliteto 
življenja bolnikov z napredovalim srčnim popuščanjem. Znanstvenih dokazov za učinkovitost ustaljenih 
metod zdravljenja srčnega popuščanja je pri desnostranskem srčnem popuščanju manj kot pri srčnem 
popuščanju zaradi odpovedi levega prekata. Preprečevanje nastanka in razvoj novih metod zdravljenja 
desnostranskega srčnega popuščanja predstavlja pomemben terapevtski cilj pri bolnikih s srčnim 
popuščanjem.  
Neishemična DCM. Neishemična dilatativna kardiomiopatija je definirana kot bolezen, za katero je 
značilno povečanje in sočasna sistolična disfunkcija levega ali obeh prekatov, pri čemer so kot možen 
vzrok izključena bolezen koronarnih žil oziroma stanja z nenormalno polnitvijo levega prekata, ki bi bili 
sorazmerni stopnji okvare levega prekata.
 
 
 Prevalenca, vzroki in prognoza DCM so odvisni od demografskih značilnosti populacije, socialnih 
in ekonomskih razmer. V deželah razvitega zahodnega sveta predstavljajo bolniki z DCM približno 1/3 
populacije bolnikov s srčnim popuščanjem, incidenca DCM je približno 5 – 8 bolnikov na 100,000 
prebivalcev. Bolezen se pojavi najpogosteje pri mladih odraslih, prizadene različne etnične skupine. 
 DCM predstavlja heterogeno skupino etiološko različnih bolezni srčne mišice, splošen odgovor 
srčne mišice na različne dedne, genetske dejavnike ali  dejavnike iz okolja, ki povzročijo okvaro, sistolično 
disfunkcijo, preoblikovanje miokarda, ki pripelje do srčnega popuščanja. Pri večini bolnikov kljub 
velikemu napredku v odkrivanju kardiomiopatij ne najdemo jasnega vzroka. 
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 Razvoj DCM in kliničen potek je nepredvidljiv: bolezen je lahko povsem asimptomatska, in po 
drugi strani, huda, hitro napredujoča. Prognoza asimptomatskih bolnikov ni znana, pri DCM bolnikih z 
napredovalim srčnim popuščanjem pa je slaba, z 25% umrljivostjo v enem letu, in 50% umrljivostjo 
znotraj 5 let. Oslabljena sistolična funkcija levega prekata je eden najpomembnejših negativnih napovednih 
dejavnikov pri bolnikih s srčnim popuščanjem, vendar pri bolnikih z napredovalim srčnim popuščanjem 
izgubi napovedno moč. Pri bolnikih z DCM in napredovalim srčnim popuščanjem je sistolična funkcija 
desnega prekata eden najmočnejših neodvisnih napovednih dejavnikov; disfunkcija desnega prekata pa 
pomemben negativen napovedni dejavnih. 
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 Bolniki z DCM in sočasno disfunkcijo desnega prekata so 
posebno ogrožena skupina bolnikov. 
 
Patofiziološki mehanizmi vpleteni v napredovanje DCM. DCM je napredujoča bolezen, začetna okvara 
ali ponavljajoče okvare miokarda povzročijo postopen propad kardiomiocitov oziroma onemogočajo 
normalno krčenje miokarda, kar vodi v dilatacijo levega prekata, moteno krčenje – gre za proces 
neugodnega preoblikovanja miokarda. Začetna okvara je pogosto klinično tiha in jo težko prepoznamo. 
Neurohormonalne spremembe in aktivacija citokinskega sistema sodelujejo pri neugodnem preoblikovanju 
miokarda, kar povzroči tako strukturne spremembe kot tudi spremembo funkcije prekatov.  
 Spremembe miokarda lahko razdelimo na tiste, ki prizadenejo kardiomiocite, ter na spremembe v 
sestavi in količini ekstracelularnega matrika. V prizadetem miokardu so vidna področja pospešenega 
propada kardiomiocitov zaradi apoptoze in nekroze. Vidne so tudi strukturne spremembe kardiomiocitov: 
velikosti, oblike, nekatere celice so atrofične, druge kažejo znake hipertrofije, imajo nenormalno število in 
obliko mitohondrijev. Na mikroskopski ravni so vidne spremembe citoskeleta: izguba miofilamentov, 
spremembe v sestavi citoskeletnih proteinov, nenormalne interakcije med miofilamenti, zmanjša se 
ekspresija genov za alfa miozin in poveča ekspresija genov za beta miozin, zmanjšan je tudi odgovor na 
beta adrenergično stimulacijo.  Nenormalnosti v obliki, številu in delovanju mitohondrijev povečajo 
oksidativni stres. Presnovne spremembe motijo homeostazo kalcija v kardiomiocitih, kar povzroči dodatno 
motnjo v interakciji med miofilamenti in posledično slabše krčenje miokarda.  
Vidno je tudi povečano kopičenje ekstracelularnega matriksa in motena homeostaza kolagena, kar se kaže 
z perivaskularno in intersticijsko fibrozo ter fibrozo v področjih pospešenega propada kardiomiocitov. Te 
spremembe so lahko posledica motene prekrvitve miokarda, propada miokarda zaradi relativne ishemije, 
ter nadomeščanja sarkomer z depoziti glikogena in mitohondrijev.  Vidna so tudi žarišča, kjer se kopičijo 
depoziti kolagena, povečana je aktivnost metaloproteinaz.
 
 Bolniki z DCM imajo področja vabilnega, slabo delujočega miokarda in področja mišične 
brazgotine, četudi so epikardialne arterije povsem normalne.  
Na prognozo bolnikov z DCM vplivajo stopnja dilatacije in kontraktilne disfunkcije levega prekata, ki jo 
pogosto spremlja tudi dilatacija preostalih srčnih votlin, funkcionalna mitralna in trikuspidalna 
regurgitacija, disisnhrono krčenje prekatov ter disfunkcija desnega prekata.
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 Patofiziološki mehanizmi, ki vodijo v nastanek kardiomiopatije, so slabo raziskani. Pri 
preoblikovanju miokarda igra pomembno vlogo vnetni in imunski proces. Neustrezno delovanje imunskega 
sistema in povečan vnetni odgovor sta bila dokazana tako pri neishemični kot tudi ishemični 
kardiomiopatiji in sta povezana z nastankom sindroma srčnega popuščanja. Pri bolnikih z DCM so 
dokazali kronično zvišane vrednosti vnetnih kazalcev: C reaktivnega proteina,  inducibilne NO sintaze in 
tumor nekrotičnega faktorja, zmanjšanje imunosupresivne aktivnosti T – regulatornih limfocitov. 
Spremembe so značilne za stanje kroničnega vnetja, kar lahko posredno povzroči propad kardiomiocitov 
zaradi pospešenega procesa apoptoze, nekroze, fibroze ter disfunkcije mikrocirkulacije. 
 
 Mikrovaskularna disfunkcija je bila dokazana tako v živalskih modelih kot tudi pri bolnikih z 
DCM – spremembe vključujejo zmanjšanje gostote kapilar epikardialno, moteno nastajanje novih žil, 
moteno endotelno funkcijo ter zmanjšan vazodilatatorni odgovor na povečano potrebo po kisiku.  Zaradi 
posledične ishemije pride do pospešenega propada kardiomiocitov, slabšanja funkcije ter neugodnega 
preoblikovanja miokarda.  
 Potek procesa preoblikovanja miokarda je odvisen od številnih genetskih, epigenetskih in tudi 
dejavnikov okolja.  
 
Zdravljenje DCM. Pri zdravljenju DCM moramo v prvi vrti izključiti vse potencialno reverzibilne vzroke 
oz bolezni, pri katerih je mogoče specifično zdravljenje. Čeprav je v zadnjem času prišlo do velikega 
napredka v diagnostiki DCM, pa vzročno zdravljenje pogosto ni mogoče. Pri simptomatskih bolnikih je 
zdravljenje DCM popolnoma enako podpornemu zdravljenju srčnega popuščanja po smernicah Evropskega 
združenja za kardiologijo za zdravljenje akutnega in kroničnega srčnega popuščanja. Zdravljenje je 
usmerjeno v zmanjšanje simptomov in znakov srčnega popuščanja, upočasnitev napredovanja DCM, 
podaljševanje življenja in izboljšanje kvalitete življenja.  
Ustaljeno zdravljenje je sestavljeno iz zdravil, ki zavirajo neurohormonske spremembe, ki 
nastanejo pri srčnem popuščanju:  uporabljamo zaviralce encima angiotenzinske konvertaze (ACEI), 
blokatorje bet receptorjev in zaviralce  mineralokortikoidnih receptorjev. Pri abmulantnih bolnikih, ki ob 
optimalnem zdravljenju še vedno kažejo znake srčnega popuščanja, je namesto ACEI svetovano 
zdravljenje z sacubitril/valsartanom. Namesto ACEI lahko v primeru ne prenašanja uporabimo zaviralce 
angiotenzinskih receptorjev.  Ivabradine izboljša preživetje in kvaliteto življenja pri bolnikih, pri katerih je 
povišana srčna frekvenca kljub zdravljenju z blokatorji beta receptorjev.  Pri bolnikih z znaki 
kongestivnega srčnega popuščanja uporabljamo diuretike, ki morajo biti prilagojeni bolnikovim trenutnim 
potrebam. Antiaritmike uporabljamo individualno za zdravljenje simptomatskih prekatnih in nadprekatnih 
motenj ritma. Pri zdravljenju kardiomiopatij uporabljamo tudi kardiotonične glikozide, nitrate, inotropna 
zdravila. Pri izbranih bolnikih z različnimi oblikami prehodne in trajne mehanske podpore zdravimo akutna 
poslabšanja, refraktarna na zdravljenje z zdravili. Kljub napredku v zdravljenju kardiomiopatij pride pri 
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velikem številu bolnikov z DCM do napredovalega srčnega popuščanja, kjer edino možno zdravljenje 
predstavlja transplantacija srca.  
 
Zdravljenje disfunkcije desnega prekata pri bolnikih z DCM. Znanstveni dokazi o učinkovitosti 
ustaljene terapije srčnega popuščanja pri desnostranskem srčnem popuščanju niso tako trdni kot pri 
popuščanju levega prekata. Pri zdravljenju z ACEI naj bi prišlo do zvišanja iztisnega deleža desnega 
prekata in znižanja polnilnih tlakov za desni prekat, v manjši študiji je bil dokazan ugoden učinek 
blokatorjev beta receptorjev na sistolično funkcijo desnega prekata. Pri zdravljenju desnostranskega 
srčnega popuščanja naj bi ugotovili okoliščine, v katerih je prišlo do nastanka desnostranskega srčnega 
popuščanja, in  v prvi vrsti poskušali popraviti potencialne reverzibilne vzroke. Specifično zdravljenje je 
usmerjeno k optimizaciji polnitve desnega prekata, zmanjšanju afterlaoda, in izboljšanju krčenja. Motnje 
ritma ključno vplivajo na funkcijo desnega prekata, zato jih je potrebno preprečevati in ob pojavu 
nemudoma zdraviti.  Splošni ukrepi zajemajo še ukrepe, ki preprečujejo in izboljšajo stanja, ki povišajo 
upornost pljučnih arterij: acidozo, hipoksemijo, hiperkapnijo in anemijo. Pri izbranih bolnikih je možna 
tudi prehodna mehanska podpora kot premostitev do okrevanja oz. do transplantacije.
 
 Kljub zgoraj naštetim ukrepom in zdravljenjem so trenutne možnosti zdravljenja desnostranskega 
srčnega popuščanja omejene. 
 Zdravljenje DCM z matičnimi celicami. V zadnjih letih so bile opravljene tako predklinične kot klinične 
študije, ki so preučevale učinkovitost matičnih celic pri zdravljenju srčnega popuščanja.  
 Predklinične študije kažejo, da z matičnimi celicami lahko vplivamo na različne mehanizme, ki 
sodelujejo pri neugodnem preoblikovanju miokarda pri bolnikih z DCM. Glede na opravljene raziskave, 
naj bi matične celice delovale predvsem preko parakrinih mehanizmov – izločajo namreč številne rastne 
dejavnike, citokine, ki vplivajo na imunski in vnetni proces, apoptozo, tvorbo novih žil, tvorbo kolagena. 
Dokazov za regeneracijo s transdiferenciacijo matičnih celic v tarčna tkiva je malo.   
 Več študij v zadnjih letih je pokazalo pomembno izboljšanje funkcije levega prekata pri bolnikih z 
DCM in so naštete v Table 1. V dosedanjih raziskavah je bilo dokazano, da CD34
+
 matičnih celic pri 
bolnikih z DCM povezana z boljšim delovanjem levega prekata, boljšo telesno zmogljivostjo in 
izboljšanim 5-letnim preživetjem v primerjavi s tistimi, ki zdravljenja niso prejeli.  
 Čeprav kliničnih študij, ki bi preučevale vpliv presaditve matičnih celic na delovanje desnega 
prekata pri bolnikih z DCM še ni bilo opravljenih, pa predklinične izkušnje kažejo, da je presaditev 






Namen dela je bil preučiti vpliv presaditve CD34
+
 matičnih celic na delovanje desnega prekata pri bolnikih 
z neishemično dilatativno kardiomiopatijo. 
 
HIPOTEZE 
1.  Elektromehanske lastnosti prekatnega pretina, izmerjene s kartografijo levega prekata, so 
statistično pomembno povezane z delovanjem desnega prekata pri bolnikih z  nesihemično 
dilatativno DCM 
 2.  Transendokardna presaditev CD34
+
 matičnih celic v področje prekatnega pretina je povezana z 
izboljšanjem delovanja desnega prekata pri bolnikih z nesihemično dilatativno kardiomiopatijo.  
 
OPIS PREISKOVANCEV IN METOD 
Preiskovanci. V raziskavo smo vključili 80 bolnikov z dilatativno kardiomiopatijo, zdravljenih v 
Ambulanti za napredovalo srčno popuščanje in transplantacije srca, KO za kardiologijo UKC Ljubljana, ki 
so izpolnjevali vse vključitvene kriterije in pri katerih ni prisotnen nobene izmed izključitvenih kriterijev. 
Bolniki vključeni v študijo so podpisali informiran pristanek po pojasnilu poteka študije. Protokol 
raziskave je odobrila Komisija Republike Slovenije za medicinsko etiko (mnenje št.: 121/01/14) in je 
registriran na Clinicaltrials.gov (NCT02445534). 
Vključitveni kriteriji: 
1. Starost : 18-70 let  
2. Kronično srčno popuščanje zaradi dilatativne kardiomiopatije glede na kriterije ESC 
3. Optimalno zdravljenje z zdravili vsaj 6 mesecev, opredeljeno kot najvišji priporočeni odmerek 
zdravil glede na smernice ESC, ki ga bolnik še prenaša 
4. Iztisni delež levega prekata  20-40% 
5. Klinična slika napredovalega srčnega popuščanja (NYHA II ali III) v obdobju vsaj 3 mesecev 
pred vključitvijo 
Izključitveni kriteriji: 
1. Multiorganska odpoved 
2. Prisotnost malignih obolenj v zadnjih 5 letih 




Protokol raziskave. Pri vseh bolnikih smo opravili mobilizacijo matičnih celic, aferezo in imunomagnetno 
selekcijo CD34
+
 matičnih celic. Pred aplikacijo matičnih celic smo opravili elektromehansko kartografijo 
levega prekata, ki nam bo omogočila regionalno in globalno multimodalno analizo viabilnosti, krčljivosti 
in elektrofizioloških lastnosti miokarda. Raztopino matičnih celic smo nato aplicirali v tarčna območja 
levega prekata, ki jih smo določili glede na standardne elektromehanske kriterije. Bolniki, ki so prejeli vsaj 
1 aplikacijo matičnih celic v interventrikularni septum so bili vključeni v Skupino A, bolniki, ki niso prejeli 
nobene aplikacije v področje interventrikularnega septuma, pa v Skupino B. Vse bolnike smo sledili 6 
mesecev po vključitvi. Ob vključitvi in ponovno po 6 mesecih smo opravili klinični pregled, laboratorijske 
preiskave, oceno telesne zmogljivosti in ultrazvočni pregled srca. Vsi podatki o pregledih bolnikov so bili 
anonimizirani in shranjeni v centralno bazo, ob koncu obdobja sledenja jih je analiziral neodvisni 
opazovalec.  
 
Opis uporabljenih metod.  
Mobilizacija in zbiranje CD34+ matičnih celic. Bolnike smo na zbiranje krvotvornih matičnih celic s 
selektivno levkocitaferezo iz periferne krvi pripravili z rastnim dejavnikom celic granulocitne vrste – G-
CSF (filgrastim). Bolniki so filgrastim dobivali v odmerku 10 g/kg v obliki podkožnih injekcij. Zbiranje z 
aferezo je bilo opravljeno peti dan. Aferezo smo izvedli z aparatom Amicus® proizvajalca Fenwal Inc. 
(Lake Zurich, IL, ZDA) ob dvožilnem venskem pristopu. Postopek zbiranja je trajal 3 do 4 ure, pri hitrosti 
pretoka krvi >40 ml/min. S tem smo obdelali 1,5 do 2 celokupni prostornini krvi bolnika. Pri vseh bolnikih 
smo opravili imunomagnetno osamitev CD34+ matičnih celic in vitro s pomočjo aparata CliniMacs® in 
ustreznih protiteles (CD34 MicroBead Kit, Miltenyi Biotec GmbH, Bergisch Gladbach, Nemčija). 
Elektromehanska kartografija in presaditev matičnih celic.  Kateterizacijo srca in koronarografijo smo 
opravili po ustaljenem protokolu. S pomočjo kartografije levega prekata (NOGA, Cordis Corp., Diamond 
Bar, CA, ZDA) smo določili območja hiberniranega miokarda na podlagi vsaj 150 reprezentativnih 
elektromehanskih točk. Območja hiberniranega miokarda smo definirali kot točke z unipolarnimi 
potenciali ≥8.3 mV in linearnim krčenjem <6%. V ta področja smo s pomočjo igelnega katetra (Myostar, 
Cordis Corp., Diamond Bar, CA, ZDA) transenokardialno vbrizgali po 0.3 ml raztopine matičnih celic. 
Postopek aplikacije matičnih celic smo ponovili 20 – krat. Primer elektromehanske kartografije in 
presaditve matičnih celic je shematsko predstavljen na Sliki 1. Elektromehanske lastnosti 
interventrikularnega septuma smo analizirali z novim algoritmom, ki je vključeval meritve viabilnosti 
miokarda, lokalnega linearnega krčenja in lokalnih diastoličnih lastnosti miokarda. 
Ultrazvočni pregled srca. Vsem bolnikom smo pred pričetkom stimulacije z rastnim faktorjem GCS-F in 
šest mesecev po aplikaciji matičnih celic opravili razširjeno  transtorakalno ultrazvočno preiskavo srca po 
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priporočilih EACVI. Preiskavo smo opravili s srčnim ultrazvočnim sistemom (GE Vivid E9, Vingmed 
Ultrasound, Horten, Norway). Ultrazvočno preiskavo smo opravili v mirovanju, v ležečem položaju na 
levem boku.  Za analizo smo posneli najmanj tri zaporedne srčne cikle, v primeru preddvorne fibrilacije 
vsaj pet zaporednih srčnih ciklov. Vse slikovne in dopplerske posnetke smo anonimizirali in shranili v 
neobdelani digitalni obliki (DICOM format). Po zaključku raziskave je posnetke analiziral neodvisni 
raziskovalec s programom za odloženo analizo (EchoPac, General Electric). 
Ultrazvočna ocena levega prekata. Iz parasternalnega vzdolžnega preseka smo izmerili debelino prekatnega 
pretina (IVSd) in zadnje stene (LVPWd) ob koncu diastole in sistole (IVSs, LVPWs), premer levega 
prekata ob koncu diastole (EDD) in sistole (ESD), premer iztočnega dela levega prekata 0,5 – 1cm pod 
obročem aortne zaklopke. Po modificirani Simpsonovi metodi (metodi seštevanja diskov v dveh 
ortogradnih presekih) smo iz dvodimenzionalnih posnetkov (2D) apikalne projekcije štirih in dveh votlin 
izmerili volumen levega prekata ob koncu diastole in sistole. Iz izmerjenih 2D volumnov smo izračunali 
iztisni delež levega prekata (LVEF). Iz apikalnega preseka petih votlin smo s pulzno dopplersko preiskavo 
z zbirnim volumnom postavljenim v iztočni trakt levega prekata 0,5 – 1cm nad obročem aortne zaklopke  
izmerili integral hitrosti v času v iztočnem delu levega prekata (VTI – LVOT).  
Z barvno tkivno dopplersko preiskavo  smo v projekciji štirih votlin z zbirnim volumnom postavljenim na 
mitralni obroč medialno izmerili sistolično hitrost gibanja mitralnega obroča (Sm). 
Ultrazvočna ocena desnega prekata: Za oceno velikosti votline desnega prekata smo iz 2D posnetka 
apikalne projekcije štirih votlin na koncu diastole izmerili premer desnega prekata vtočno in v srednjem 
preseku, površino desnega prekata na koncu diastole in sistole. Iz kratke parasternalne osi na višini aortne 
zaklopke smo izmerili premer iztočnega dela desnega prekata ob koncu diastole. Za oceno sistolične 
funkcije desnega prekata smo uporabili naslednje kazalce kontraktilnosti desnega prekata: longitudinalno 
sistolično gibanje prostega roba trikuspidalne zaklopke (TAPSE - tricuspide annular plane systolic 
excursion)
24,25
, ki smo ga izmerili na prostem robu trikuspidalnega obroča na apikalnem preseku štirih 
votlin z M načinom. Z barvno tkivno dopplersko preiskavo smo v projekciji štirih votlin z zbirnim 
volumnom postavljenim na prosti rob obroča trikuspidalne zaklopke izmerili sistolično hitrost 
trikuspidalnega obroča (St), ter izračunali spremembo površine desnega prekata (FAC) z enačbo: FAC 
100x (površina desnega prekata ob koncu diastole – površina desnega prekata ob koncu sistole)/površina 
desnega prekata ob koncu diastole. S kontinuirno dopplersko preiskavo smo izmerili največjo hitrost 
trikuspidalne regurgitacije in ocenili maksimalni sistolični tlak v desnem prekatu. 
Statistična analiza podatkov. V skladu z našimi dosedanjimi rezultati raziskav presaditve matičnih celic pri 
bolnikih z neishemično dilatativno kardiomiopatijo smo opredelili velikost vzorca na podlagi 90% 
verjetnosti za odkritje 5% dvosmerne razlike med skupinama, ob predpostavki, da se skupini A in B v 
enem letu po vključitvi razlikujeta v iztisnem deležu levega prekata za 4.1% (ob standardni deviaciji 
5.2%). Na podlagi teh predpostavk bi v vsako skupino morali vključiti 34 bolnikov. Ker smo v naših 
 51 
dosedanjih raziskavah pri 15% bolnikov odkrili nezadosten odziv kostnega mozga na stimulacijo, smo 
velikost vzorca ustrezno povečali, zato smo vključili 80 bolnikov. Za opis lastnosti bolnikov v skupinah 
smo uporabili deskriptivno statistiko. Parametre bolnikov v skupini A in B smo primerjali s t-testom , 
ANOVA in Mann-Whitney testom pri zveznih spremenljivkah in s Hi-kvadrat ali Fischerjevim testom pri 
ne-zveznih spremenljivkah. Vse analize smo opravili  s programsko opremo SPSS 19.0. 
 
REZULTATI 
Karakteristike preiskovanih bolnikov. Med 80 bolniki vključenimi v študijo, sta 2 bolnika iz skupine B 
v 6  času poteka študije umrla, 2 bolnika iz skupine A sta bila urgentno transplantirana. Ob vključitvi se 
skupini A in B nista razlikovali glede na demografske podatke, LVEF, LVEDD, ledvično in jetrno 
funkcijo, NT-proBNP, telesno zmogljivost, predpisana zdravila za zdravljenje srčnega popuščanja.(Table 
2) 
 
Funkcija desnega prekata in elektromehanske lastnosti prekatnega pretina. Ob vključitvi je bila 
viabilnost prekatnega pretina (IVS) ohranjena (≥8.27 mV) pri 59/80 (74%) bolnikih, in okrnjena (<8.27 
mV) pri 21/80 (26%) bolnikih. V primerjavi z bolniki, ki so imeli ohranjeno viabilnost IVS, je bila funkcija 
desnega prekata ocenjena glede na kazalce funkcije desnega prekata (TAPSE, St, in FAC) pri bolnikih z 
okrnjeno viabilnostjo IVS statistično pomembno slabša. (Figure 9) Dokazali smo tudi pomembno 
korelacijo med TAPSE in viabilnostjo IVS (Pearson r=0.58, P<0.0001; Figure 10). Nismo pa našli 
pomembne povezave med TAPSE in lokalnim linearnim skrajšanjem IVS (Pearson r=0.12, P=0.33; Figure 
11). 
Spremembe ehokardiografskih parametrov pri zdravljenju z matičnimi celicami  
V primerjavi z izhodiščnimi vrednostmi, je prišlo v 6 mesecih po zdravljenju z matičnimi celicami do 
pomembnega izboljšanja TAPSE, St in FAC. Pri bolnikih je prišlo tudi do izboljšanja LVEF. Po šestih 
mesecih nismo dokazali sprememb v velikosti desnega prekata, LVEDD, tudi ne spremembe polnilnih 
tlakov levega prekata. (Table 3) 
Aplikacija matičnih celic v IVS in sprememba funkcije desnega prekata. Distribucija in število injekcij 
matičnih celic v področje levega prekata se med skupino, ki je prejela matične celice v IVS in skupino, ki 
matičnih celic v IVS ni prejela, ni razlikovala. (Table 4) 
V primerjavi z bolniki, ki v področje prekatnega pretina niso prejeli matičnih celic (skupina A), je 
pri bolnikih, ki so prejeli matične celice v področje IVS (skupina B) prišlo do pomembnejšega izboljšanja 




3. Pri bolnikih z neishemično dilatativno kardiomiopatijo funkcija desnega prekata pomembno 
korelira z viabilnostjo prekatnega pretina.  
4. Presaditev matičnih celic v področje prekatnega pretina je  povezano z izboljšanjem funkcije 
desnega prekata. 
 
 
 
